The 2-cyclopentadienyl-2-fluorenylpropane ligand has been converted into the monometalated derivatives 
Introduction
In recent years, the study of bridged dicyclopentadienyl group 4 transition metal complexes has become an important area of research. The so-called ansa-metallocene derivatives, where the bridged ligand coordinates to a metal center as a chelating group, have attracted attention as Ziegler-Natta catalysts for the stereoregular polymerization of h-olefins [1], and as stereoselective catalysts or reagents for asymmetric induced processes [2] . There is also increasing interest in the use of these didentate dicyclopentadienyl ligands for the synthesis of homo-and hetero-dinuclear complexes, where the ancillary ligand is in a bridging coordination mode [3] [4] [5] [6] . Among the features of this type of compound, the stability of the dicyclopentadienyl framework strongly bonded to two close metal centers confers a potential cooperative effect on the molecule that could be useful during catalytic reactions. A considerable number of group 4 homodimetallic compounds have been reported [4, 5] . However, the synthesis of heterodinuclear compounds containing one (or two) metal center of this group has been limited to the recent development of novel and interesting approaches [6] .
The [CMe 2 (C 5 H 4 )(C 13 H 8 )] 2 − dianionic ligand has previously been used for the synthesis of Cs-symmetric group 4 ansa-metallocenes ([1]b, [7] ), and has been found to form tris(cyclopentadienyl)zirconium compounds with unusual ansa-ligand coordination [5c, 8] . The synthesis of tris(dimethylamido)[2-(p 5 -cyclopentadienyl)-2-fluorenylpropane]zirconium via amine elimination has very recently been reported [9] , and several related compounds containing the 2-(p 5 -cyclopentadienyl)-2-indenylpropane ligand have also been described ( [5] b -c, [8, 10] ).
We are interested in the synthesis of group 4 metal compounds containing bridged dicylopentadienyl ligands with only one of the rings penta -hapto coordinated, as potential precursors for the synthesis of dinuclear complexes. In the present study, we have concentrated our efforts on the chemistry of the 2-cyclopentadienyl-2-fluorenylpropane ligand [CMe 2 (C 5 H 5 ) (C 13 H 9 )], and make use of the different reactivity of the two five-membered rings to synthesize a series of new [2 -(p 5 -cyclopentadienyl) -2 -fluorenylpropane]titanium complexes.
Results and discussion

Synthesis of alkylating reagents
Reaction of [CMe 2 (C 5 H 5 )(C 13 H 9 )] with one equiv of Li n Bu in THF causes the quantitative formation of compound 1 (Scheme 1). A THF adduct (see Section 4) of this lithium salt is isolated as a highly air-sensitive red solid, soluble in aromatic solvents and THF. The remarkable feature in the 1 H-NMR spectrum of 1 is the presence of two virtual triplets (l 5.95 and 6.11) for the AA%BB% spin system corresponding to the C 5 H 4 -fragment, together with a singlet for the 9-fluorenyl proton (l 4.36). This pattern clearly indicates the regioselective deprotonation of the cyclopentadienyl group of the starting ligand as a result of the different acidity of the allylic protons of each five-membered ring (pK a :15 and 22, for cyclopentadiene and fluorene, respectively [11] Tl coupling constants have rarely been observed for soluble substituted cyclopentadienylthallium compounds, and some authors have related its occurrence to an enforced covalency of the metal-ring interaction in the corresponding compound, resulting in a decreased tendency for molecular aggregation [12] . For instance, these coupling constants are observed only for the first compound of the series [Tl(C 5 H 2 R 3 )], [Tl(C 5 H 3 R 2 )] 6 and [Tl(C 5 H 4 R)] 8 (R= SiMe 3 ) ( [12] c), and this has been found to be a monomer in solution with covalent Tl-ring bonding ([12]a). Accordingly, and in contrast to the unsubstituted Tl(C 5 H 5 ), a high covalent character can be proposed for 2, which presumably is a monomeric species in solution due to the presence of the bulky substituent.
Stepwise reaction of [CMe 2 (C 5 H 5 )(C 13 H 9 )] with one equiv of Li n Bu and in situ treatment of 1 with SiClMe 3 in THF gives the silyl derivative 3 as a white-yellowish solid. Examination of the 1 H-NMR of 3 reveals the crude product to be a mixture of only two isomers, 3a and 3b (Scheme 1) in a 9:1 ratio. Isomer 3a is isolated pure by fractional recrystallization from a pentane solution as a white solid (see Section 4), and its 1 H-NMR spectrum remains unchanged in samples stored for several days at r.t.
It is well-known that sigmatropic H-and Me 3 Si-rearrangements in cyclopentadienyltrimethylsilyl compounds result in mixtures of isomers in equilibrium. In particular, in compounds of the type C 5 H 4 (R)SiMe 3 (R nonmigrating group) only 3 of 11 possible isomers, a-c in Fig. 1 , contribute to the equilibrium at r.t., with relative equilibrium concentrations a\b c due to steric requirements [13] . Moreover, the bulky ligand R= -CPh 3 has been found to prevent the rearrangements between these isomers, where the only exchange equivalents of 1, yields the dicyclopentadienyl compound 7 as an air-stable red solid. The solubility of these compounds follows the trends 5 B7 B 6$ 4, and alkanesB tolueneBacetone$CH 2 Cl 2 as solvents. In contrast to 4 (formally 12 e − complex), the less electron deficient dicyclopentadienyl complexes 5-7 (16 e − ) are air-stable in solution, and can be recrystallized in wet acetone without decomposition. The 1 H-NMR spectra of 4-7 show the characteristic AA%BB% spin system for the substituted cyclopentadienyl ring, together with a singlet for the 9-fluorenyl proton, at normal ranges. This spin system is recorded as two virtual triplets for 4, 6 and 7, whereas for 5 it is observed as a multiplet due to a smaller difference between lH AA% and lH BB% . Computer analysis of the spectrum of 5 at 500 MHz allows the calculation of this difference as well as the corresponding coupling constants (Dw = 6.27 Hz; J AA% = 1.98, J AB = 2.45, J AB% = 2.96 and J BB% = 1.82 Hz). The 13 C-NMR spectroscopic data of 4-7 are also consistent with the proposed structures (see Section 4).
The single-crystal X-ray structure analysis of 7 confirms the mode of coordination of the [CMe 2 (p 5 -C 5 H 4 )(C 13 H 9 )] ligand in the titanium compounds. Fig. 2 gives an ORTEP view of the structure of 7 together with the atom labeling, while Table 1 presents selected  bond distances and angles, and Table 2 summarizes crystal data and structure refinement. In the solid the molecule is C 2 -symmetric. The geometry around Ti, as defined by the centroids of the cyclopentadienyl rings and the Cl atoms, is roughly tetrahedral, the angle mechanism corresponds to the degenerate process a X a% [14] (see Fig. 1 ). This seems to be the case for 3; the exchange process between 3a and 3b must be very slow at r.t., as indicated by the isolation of pure 3a, and isomer 3a predominates whereas the geminal isomer 3c is not detected in the mixture by 1 H-NMR. Furthermore, in a { 1 H-1 H} decoupling experiment carried out to clarify the structure of 3a, together with the corresponding decouplings, saturation of H c (see labeling in Fig. 1 ) showed an important decrease in the intensity (ca. −85%) of the doublet for H a . This effect could be the result of a slow exchange process between the enantiomers 3a and 3a%, in which H a and H c are converted respectively (H c % and H a % ).
Synthesis of titanium compounds
Several approaches have been found to be useful for the synthesis of group 4 mono-and di-cyclopentadienyl compounds. However, some of them particularly apply depending on the target product. For instance, the reaction of TiCl 4 with cyclopentadienyltrimethylsilyl derivatives is an efficient method for the synthesis of monocyclopentadienyl complexes [15] . Further reaction with a thallium derivative of a different cyclopentadienyl ligand leads to almost quantitative formation of 'mixed-ring' compounds of titanium [16] ; whereas the reaction of TiCl 4 with two equivalents of an alkali metal cyclopentadienyl salt is the most commonly used procedure for the synthesis of di(cyclopentadienyl)dichlorotitanium complexes [17] .
Following the above considerations, compounds 4 -7 are readily prepared from precursors 1 -3 (Scheme 2). Fig. 3 ).
Complexes such as Ti(p 5 -C 5 R 5 )Cl 3 (R=H, Me) have been found to be moisture-sensitive, and their product of hydrolysis to depend upon reaction conditions [20] . This is also observed for the monocyclopentadienyl compound 4. Stirring a sample of 4 in wet acetone (0.5% H 2 O) leads to the formation of the v-oxo compound 8 in good yield (Scheme 3). However, reaction with one equivalent of H 2 O in dry CH 2 Cl 2 in the presence of one equivalent of t BuNH 2 results in a complicated mixture of non characterizable compounds. Complex 8 is obtained as a crystalline yellow solid, sligthly soluble in alkanes and soluble in common solvents. The 1 H-and 13 C-NMR spectra of 8 show the expected peaks with chemical shifts in the normal range. As observed for 5, the protons of the C 5 H 4 -group (l 6.62) of the v-oxo compound 8 are recorded as a multiplet due to a small difference between lH AA% and lH BB% . Computer analysis of the spectrum of 8 at 500 MHz shows this difference (Dw =4.46 Hz) to be smaller than that found for 5, whereas the calculated coupling constants are the same (J AA% = 1.98, J AB = 2.45, J AB% = 2.96 and J BB% = 1.82 Hz). The elemental analysis data confirm the structure of 8, and exclude compounds of further hydrolysis (e.g. cyclic oligomers of general formula . There is some spread in the Ti-C(ring) bond lengths, with the longest distance for the substituted C(1) (2.508(4) Å ). The average C -C distance in the ring is 1.406 Å . Possibly for steric reasons, the fluorenyl groups are located away from the metal center, and both substituents of the cyclopentadienyl rings are disposed anti to one another, with a torsion angle C(6)-C(1)···C(1a) -C(6a) of 164.1°. The shortest intermolecular distance between the Cl atom of one molecule and the hydrogen on C(5) of the nearest molecule in the unit cell is 2.654(4) Å . This value might indicate an intermolecular hydrogen bonding interaction in the solid state, which might be Table 1 Selected bond lengths (Å ) and angles (°) for complex 7 Cp-Ti-Cp 2.321 (4) 113.4 Ti-C (4) 105.9(9) C(1)-C(6)-C (9) a Cp is the center of the cyclopentadienyl ring. Reaction of 6 with two equivalents of LiMe, in hexane at low temperature, leads to a thermally-stable moisture-sensitive orange microcrystalline solid, characterized as the dimethyl compound 9 (Scheme 3). After purification, compound 9 is obtained in good yield, and under the reaction conditions neither the evolution of methane nor the presence of a lithium salt from the deprotonation of the fluorenyl ring is detected. This means that the process is chemo-selective since the precursor 6 undergoes the alkylation of the Ti-Cl bonds rather than the metallation of the fluorenyl ring. The 1 H-and 13 C-NMR spectra of 9 are fairly similar to the spectra observed for 6 with the addition of the resonances for the methyl groups attached to titanium ( 1 H: l -0.22; 13 C{ 1 H}: l 46.8). The mass spectra and elemental analyses for compounds 2-9 are in agreement with the proposed formulations.
Conclusions
The regioselective metallation of the cyclopentadienyl ring of the [CMe 2 (C 5 H 5 )(C 13 H 9 )] ligand is readily accessible due to the different acidity of the two five-membered rings. This approach has been applied to synthesize the desired precursors 1 -3, which have been successfully used as intermediates to prepare a series of mono-and di-cyclopentadienyltitanium complexes (4-7) and derivatives (8 and 9). The common structural feature in the titanium complexes is the p 5 -coordination of the cyclopentadienyl ring of the ancillary ligand to the metal center, whereas the fluorenyl ring remains unchanged.
Experimental procedure
General methods
All operations were performed under an argon atmosphere using Schlenk or dry-box techniques. Argon was deoxygenated with activated BTS catalyst and dried with molecular sieves and P 2 O 5 . All common chemicals and solvents were purchased from commercial suppliers and purified as described elsewhere [21] . 6,6-Dimethylfulvene [22] . Elemental analyses and mass spectra were performed Scheme 3. by the University of Alcalá Microanalytical Laboratories (UCSA) on a Heraeus CHN-O-Rapid mycroanalyzer and a Hewlet-Packard 5890 mass spectrometer, respectively.
Isolation of Li[CMe 2 (C 5 H 4 )(C 13 H 9 )](THF) 2 -3 (1)
A solution of n-butyllithium (16.5 ml, 1.6 M in hexanes) was added dropwise to a THF solution (150 ml) of 2-cyclopentadienyl-2-fluorenylpropane (7.20 g, 26.43 mmol) at − 78°C. The reaction mixture was subsequently allowed to warm to r.t. and stirred for an additional 4 h. The solvent was removed under vacuum, and the residue washed with pentane ( 
Preparation of Tl[CMe
A reaction of TlOEt (1.29 ml, 18.17 mmol) with 2-cyclopentadienyl-2-fluorenylpropane (4.95 g, 18.17 mmol) was carried out in diethyl ether (100 ml) at 0°C. The resulting solution was stirred overnight at r.t.. Removal of the solvent under reduced pressure afforded the thallium salt as a pale-yellow solid which was washed with hexane (3 × 30 ml). Compound 2 was purified by recrystallization at -40°C from a toluene/ hexane solution (2:1), and obtained as a beige microcrystalline solid. Yield: 7.48 g (87%). (3) A solution of the lithium salt 1 (18.35 mmol, vide supra) was prepared in THF (100 ml), and in situ reacted with SiMe 3 Cl (2.8 ml, 22.06 mmol, 20% in excess) at −78°C. After stirring overnight at r.t., the volatiles were evaporated and the residue was extracted with pentane (3× 50 ml) to give 3 as a mixture of isomers 3a and 3b (9:1) as a yellowish solid. Recrystallization from a pentane solution (100 ml) afforded two crops of pure 3a as a white solid (4.48 g, 71%), whereas removal of the solvent from the mother liquor still gave a mixture of 3a and 3b A solution of TiCl 4 (0.61 ml, 5.55 mmol) in toluene (25 ml) was added to a suspension of 1 (11.10 mmol) in toluene (100 ml) at − 78°C, and stirred overnight at r.t.. The toluene was removed under vacuum, and the residue was extracted into CH 2 Cl 2 (2 × 50ml) to give 7 as an air stable deep-red crystalline solid, which was recrystallized in CH 2 A solution of LiMe · LiBr (1.1 ml, 1.70 M in diethyl ether, 1.90 mmol) was slowly syringed into a suspension of 6 (0.50 g, 0.95 mmol) in hexane (75 ml) at -78°C. The mixture was allowed to warm up to r.t. and stirred for an additional 8 h. After removal of the volatiles, the residue was extracted with toluene (2× 75 ml), and the resulting filtrate was concentrated and cooled (− 40°C) to afford 9 as an orange microcrystalline solid. Yield: 0.35 g (76% 
X-ray structural analysis of 7
Single crystals of compound 7 were grown from a dichloromethane solution. The data were collected on an ENRAF NONIUS CAD4 diffractometer. Intensity measurements were performed by −q scans in the range 4.68°B 2q B54.00°at 19°C on a crystal of dimensions 0.33× 0.27 ×0.23 mm. Of the 3867 measured reflections, 3656 were independent; largest minimum and maximum in the final difference Fourier synthesis: − 0.352 and 0.445 eÅ -3 , R 1 =0.048 and wR 2 = 0.137 (for 2252 reflections with F \4|(F)). [24] and refined by least-squares against F 2 (SHELXL-93) [25] . All non-hydrogen atoms were refined anisotropically and the hydrogen atoms were positioned geometrically and refined by using a riding model. Crystallographic data (excluding structure factors) for the structure reported in this paper have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication no. CCDC-100428. Copies of the data can be obtained free of charge on application to The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ (UK), (Fax:+ 44 1223 336033; e-mail: deposit@chemcrys.cam.ac.uk).
